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During chemical investigation of the leaves and root bark of Ervatamia hirta, 33 alkaloids were isolated, 
new; six are the ‘monomeric’ alkaloids (E) 16-epi-nonnacusinc B, (E) 16-epi-affinisine, 0-acetyl-16-epi- 
affini8inc-Nf4)-oxidc, dchydro-16-epi-affinisinc, norfluorocurarinc-N(4)-oxide, and the seventh is the 
ife 16-detarbomethoxyvoacamine-pscudoindoxyl, The known alkaloids are: (E) 16-epi'isositsirikine, ^-yohim- 
o|imbine, 19,20-dehydro-)?-yohimbine, )3-yohimbine-pseudoindoxyl, isositsirikine, 19,20-dihydroisositsirikine, 
ine-okindole, normacusinc B, affinisine, vobasine, dregamine, tabemaemontanine, norfluorocurarine, 12- 
orflubrocurarine, apparicine, 3,14-dihydrocllipticine, antirhine, voacristine, ibogainc, iboxygaine, ibo- 
eliliydroiyindoleninc, iboluteinc, 4',17,(17)?)-dihydrotchibangcnsine, 16-dccarbomethoxyvoacamine and 19,20- 
i6-decarbomcthoxyvoacaminc. Structural elucidation of the new alkaloids is based on spectral data and 
j correlations. 




INTRODUCTION 


of our continuing research on the genus Erva- 
ij2], we report our results on the alkaloid content 
jWk [3,4], which is a tree 5-7 m tall from Malaysia. 
Iptiitt was included in the preparation of poisoned 
lllknd was used in traditional medicine for treat- 

t jlccrations of the nose [5]. Material was col- 
T. Sevenet and J. R. Deverre at Trengganu 
i). This work is a part of a collaborative research 
ialih ^tween C.N.R.S. and the University of Malaya 


RESULTS AND DISCUSSION 


otnetions were conducted in the usual fashion and 
“ lowing alkaloid yields were obtained, 13.5 gkg"‘ 
land 11.4 gkg'' (root bark). Direct crystallization 
llhllflol of the crude alkaloid mixture (AM) from the 
mlifforded pure ^-yohimbine (1) (69% AM). Five 
Bimit were isolated from the resulting mother liquors 
luj^ means of column and prep. TLC chromato- 
|wi They are (£) 16-epi-isositsirikinc(2)(1.38% ML), 
irtwne (3) (0.61% ML), 19,20-dchydro-^-yohimbine 
“^0% ML) and ^-yohimbinc-pseudoinodoxyl (5) 
ML). The root bark crude alkaloid mixture 
Q togMher with 1 (29.6% AM), 2 (5.1 % AM) and 3 
JAM),’28 alkaloids: isositsirikine (6) (0.12% AM), 
ihydroiso8itgirikine(7)(0.l6% AM), ^-yohimbine- 
)tele(8)(0.02% AM), normacusine B (9) (0.70% AM), 
l^pf-norinacusine B (10) (0.50% AM), affinisine (11) 
||iAM). affinisine-N(4)-oxide (12) (0.13% AM), (E) 
nMffinisine (13) (3.4% AM), 0-acetyM6-epi-affini- 
(|<4) (0.14% AM), dehydro-1 b-cpi-affinisine (15) 
AMk vobasine (16) (0.16% AM), dregamine (17) 
AM), tabemaemontanine (18) (0.12% AM), nor¬ 


fluorocurarine (19) (9.6% AM), norfluorocurarine-N(4)- 
oxidc (20) (0.10% AM), !2-hydroxynorfluorocurarine 
(21) (1.76% AM), apparicine (22) (0.01% AM), 3,14-dihy- 
droellipticinc (23) (0.06% AM), antirhine (24) (1.67% 
AM), voacristine (25) (0.05% AM), ibogainc (26) (2.17% 
AM), iboxygaine (27) (0.06% AM), iboxygainc-hydroxy- 
indoleninc (28) (0.04% AM), iboluteinc (29) (0.22% AM), 
4',17,(17^) dihydrotchibangensine (30) (0.07% AM), 16- 
decarbomcthoxyvoacamine (31) (3.23% AM), 19,20- 
dihydro-16-decarbomcthoxyvoacamine (32) (0.21 Vo AM) 
and 16-decarbomethoxyvoacaminepseudoindoxyl (33) 
(0.30% AM). 

Compounds I, 3, 9, II, 16-19, 22-25, 29 and 30 were 
identified by means of their spectral and co-TLC with 
reference samples. Alkaloids 2,4-8,21,26-28, 31 and 32 
were identified by comparison of their spectra with 
literature data. The novel isolation of 1, 3-5,8.19,21,23, 
29 and 31 has provided the opportunity to obtain com¬ 
plete ‘H and ’^CNMR assignments (see Experimental) 
by means of 2D NMR experiments. The structures of the 
seven new alkaloids 10, 12-15, 20, 23 have been estab¬ 
lished by spectroscopic methods. Chemical correlations 
have confirmed the structure of alkaloids 12, 14, 15, 20. 

The five new alkaloids 10, 12-15 possess a normacu¬ 
sine B-affinisinc skeleton as shown by their 'HNMR 
spectra [8], their UV spectra which display the three 
maxima of an indole chromophore, and their similar 
mass fragmentation (sec Experimental). Compound 10 
([M]"*^ at m/z 294) is a stereoisomer of normacusine B 
(9); compound 13 ([M]"^ at m/z 308) is a stereoisomer of 
affinisine II; compound 12 ([M]^^ at m/z 324 and same 
fragments) is an N(4)-oxide derivative of 11 or of a 
stereoisomer; compound 14 which gives a [M]* at 
m/z 350 and an IR absorption at 1730 and 1240 cm"' is 
an 0-acctyl derivative of 11 or of a stereoisomer; com¬ 
pound 15 ([M] ^ at m/z 306) is a dehydro derivative of 11. 
































































































































/Alkaloids from Eruatamia hirta 


3787 


'I ' H 

if I R I CHO 

. iiJ ^ H ” 

: 'h R 

' if i 19 H 

j *Z0 H;NW----0 

■: ;| 21 OH 




f||, MeQ 






Meo’c /” 


H / '*■ '• )r 


” \ 1/ 


\ o 




H 1’ >» 


MeO,C / 

H / “■ ■>• 


^ y 11 / 

\ 15/ \l® 

,,. r'i-T' 


■'’VW‘ 






*33 *New a\k»loi(J» 


from the chemical shifts of C-15 and C-21 [10]. 
ithcsis of 15 was achieved by oxidation of 13 (see 
ental). 

^'^iloid 20 was identified from spectroscopic evidence. 

spectrum was identical with that of norfluorocura- 
(1?) and the absorption band in the IR spectrum at 
lent'' characterises the conjugated C==0. Its mass 
ttt^ displayed a [M]* at m/z 308 (16 mu more than 
|1 Compounds 19 and 20 also had an identical frag- 
ittlion (m/z 263, 249, 222, 208, 194, 180, 168, 121). 
itrison of 'H and ‘^CNMR spectra of 19 and 20 
tes that 20 is the JV(4)-oxide derivative of 19. In 20, 
[putons and carbons in the neighbourhood of N{4) 


were downficid shifted as in 12. Oxidation of norfluoro- 
curarine 19 led to an identical compound (TLC, UV, IR, 
mass spectrum, 'H and ’^CNMR) with 20. 

The new bisindole alkaloid 33 (16-dccarbomcthoxy- 
voacaminepscudoindoxyl) possesses in solution an 
intense ycliow-green fluorescent coloration which indic¬ 
ates a pseudoindoxyl chromophorc. This was confirmed 
by the UV spectrum [absorptions at 228, 272 (sh), 294 
(sh), 417 nm] and the absorption at 1660 cm'’ in the IR 
spectrum which displayed additional bands at 3360 cm “ ‘ 
(NH/OH) and 1720 cm'' (ester group). The mass spec¬ 
trum of 33 showed a [M]* at m/z 662 analysing for 
C 4 ,H 5 oN 40 « (16 mu more than 16-decarbomcthoxy- 
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Table 1. '^C NMR spectral data of alkaloids 10, 12-15 and 20 
(75 MHz, CDCI, and int. ref, <5 = 77), 


C 

10 

12 

13 

14 

15 

20 

2 

136.1 

134.5 

138.4 

138.5 

143.3 

164.8 

3 

49.9 

65.1 

51.9 

48.7 

47.6 

78.6 

5 

52.3 

69.0 

51.9 

51.8 

59.6 

70.2 

6 

22.1 

23.9 

22.4 

23.0 

71.4 

41.4 

7 

104.9 

102.1 

105.1 

104.7 

103.7 

55.5 

8 

125.9 

126.5 

126.0 

126.1 

126.2 

133.7* 

9 

117.7 

118.6 

118.1 

118.1 

118.9 

121.5 

10 

118.7 

119.1' 

118.7 

118.8 

119.7 

122.9 

11 

121.1 

121.5 

120.8 

120.9 

121.3 

129.2 

12 

110.9 

108.8 

108.6 

108.6 

108.9 

111.0 

13 

136.4 

137.5 

137.2 

137.3 

137.4 

142.3 

14 

26.6 

32.8 

26.4 

26.6 

27.4 

28.1 

15 

25.9 

26.0 

26.0 

26.6 

27.1 

29.6 

16 

41.8 

43.1 

42.1 

39.4 

38.9 

111.3 

17 

60.1 

63.0 

60.7 

63.2 

64.8 

— 

18 

12.3 

12.6 

12.7 

12.7 

12.9 

14.0 

19 

114.5 

119.3' 

113.4 

113.9 

114.0 

127.0 

20 

138.0 

130.6 

139.0 

139.0 

138.9 

134.4* 

21 

55.5 

70.9 

56.3 

56.3 

56.0 

74.6 

22 

— 

— 

— 

— 

— 

188.3 

N(Me)-l 

— 

29.4 

29.0 

29.1 

29.1 

— 

OAc 

— 

— 

— 

170.4 

— 

— 





20.9 




'Interchangeable values in a same column. 


voacamine, 31) together with a low intensity peak at [M 
+14]* as observed in 31 [15], Fragments of the ibolu- 
teinyl moiety are present at m/z 108, 122, 124, 136, 138, 
150, 176 [16] and those of the vobasinyi moiety at m/z 
122,180, 182, 194 [17.18], The ‘HNMR spectrum of 33 
was similar to that of 31 with the exception of the N-1 
proton of the ibolutcinyl part which was shielded upheld 
(Table 3) as expected for a pseudoindoxyl moiety. The 
‘^CNMR spectrum provides further evidence for this 
structure. Besides the carbons of the vobasinyi moiety, 
characteristic carbons of the ibolutcinyl moiety are ob¬ 
served; C-2 at 567.5 and C-7 at 5204.8. The substitution 
at C-11 was conhrmed by the chemical shift variations of 
the aromatic carbons of 33 compared with those of 
iboluteine 29. Identical variations occurred between 31 
and ibogaine 26. The stereochemistry of C-3 is fixed for 
hindrance reasons as described previously [19]. 

In conclusion, E. hirta possesses a high alkaloidal 
content and a great variety of alkaloids which belong to 
types 1 and 111 [20]. Among the 33 isolated alkaloids, 
seven are new; 10,12-15, 20 and 33. A striking feature of 
this plant is the presence of quasidimer (30) and yohim¬ 
bine skeletons which are isolated for the frist time from 
the genus Ervatamia [21,22]. The large amount of fi- 
yohimbine in the leaves (70% of AM) is in agreement with 
the pharmacological activity which has been observed in 
the course of preliminary study of this species. 

EXPERIMENTAL 

General .' H and * NMR were recorded in CDCIj at 300 and 
75 MHz, respectively. Chemical shifts are reported in S from 
TMS. Prep. TLC as performed on silica gel K6F Whatman and 


CC on silica gel 60 (70-230 mesh) Merck. h 

Plant material. E. hirta (Hook.f) King and Gamble af 
collected in September 1984 in Malaysia. A voucher spcowaii 
kept at the herbarium of the Department of PhytnrhmMri, 
University of Malaya under number D-235, I 

Extraction. Dried powdered leaves (0.6 kg) were wcUeil i 
50% NH 4 OH, macerated overnight in EtOAc, then liiirMi 
The lixiviate was extracted with 2% HjSO^. The aq. bycraa 
basilled with NH 4 OH and extracted with CHClj. The CHQ 
layers were dried (Na^SO^) and evapd in vacuo to give 1.1 gel' 
crude alkaloid mixture (AM). Extraction of root bark (IJlf 
performed according to the same process gave 37.5 g of AM 
Isolation. Rootbark AM was purified by CC on 2340 1 •4m 
gel packed in CHCI 3 ; 30 ml frs were collected. EluUot 
performed with CHClj (3.9 1); CHClj-McOH (99; 1,7JI).(4I I 
9.61), (19:1,9.61), (9:1,7.051), (4:1,7.351), ( 1 ; 1,7.21) and MeOf 
(9.48 1). Alkaloid 1 was in frs 695-820, 2 in frs 876-104(1 Jail 
561-644, 6 in frs 846-875, 7 in frs 536-549, 8 in ft* 821-834, g* 
frs 1161-1337, 10 in frs 1045-1160, 11 in frs 645-724, 11 all 
645-670,13 in frs 536-644,14 in frs 421-430,15 in fr» 3«MJI 
16 in frs 421-457, 17 in frs 431-457, 18 in frs 321-380, IVabi 
536-670,20 in frs 561-644, 21 in frs 971-1080,22 in frs 645-41 
23 in frs 681-1044,24 in frs 1391-1500,25 in frs 266-320,27 at 
28 in frs 536-549,29 in frs 1601-2056,30 in frs 1771-19001M al 
32 in frs 645-724, and 33 in frs 1700-2056. 

Alkaloids from leaves were isolated and sepd in a mAr 
fashion. Alkaloid 1 was obtained by crystallization of crudi AM 
from EtOH (yield 69%). The mother liquors of cryinllirna 
were purified by CC on 100 g silica gel packed in CHCIj;2taf 
frs were collected. Elution was performed with CHQ| |U| 
CHClj-MeOH, (99:1, 140ml), (49:1, 360ml), (24:1, 6 «Mk 
(23:2,880 ml), (4:1, 340 ml) and MeOH (580 ml). Alkaloid I hi 
in frs 100-120, 2 in frs 134-164,3 in frs 98-115,4 in fn 1(0 Ms' 
and 5 in frs 118-149. 

(E) l6-Epinormacusine B (10). Ceric sulphate TLC (CR)|ni 
then pale yellow: Rf 0.18 (CHClj-MeOH, 9:1). («]» 
(MeOH; cO.25). UV .!!:!.•?" nm (logs) 226 (4.41), 281 |3.7II» 
(3.61 sh), IR vCHciicm'*: 3220, 2920, 2840, 1450, UKk I2M 
1160,1020, 740. MS; m/z (rel. int.): 294([M]^ 100j,291(7ft» 

(10), 277 (13), 263 (38). 249 (11). 195 ( 6 ), 182 ( 11 ), 169 (79), l4l iH 
156 (10), 144 ( 8 ), 1.30 ( 8 ); HRMS: C„H„NjO calcd MllR 
found 294.1709. 'H and ‘^CNMR sec Tables 1 and 1 
Affinisine->l{4}-oxide (12). CRTLC grey-purple tbea )<lw> 
orange: Rf 0.10 (CHClj-MeOH, 9; 1). [aJo: -h3‘ (MeOM,<*( 
UV ij^fnm (logs): 226 (4.51), 284 (3.77), 292 (3.7|iki ■ 
v^'em-'; 3360,2920, 1470,1380,1190,1030,740. MS: wig* 
int.): 324 ([M] *, CjoH„NjO„ 46). 308 (100), 307(100).»3m 
291 (23), 277 (79), 263 (23), 249 (17), 235 (15), 221 (19), 196«t|L ill 
(59), 182 (40), 170 (23), 168 (19), 154 ( 8 ). ‘H and "CNMI* 
Tables 1 and 2. Hemisynthesis from affinisine (11). To a hMM 
aflinisine (23 mg, 0.07 mmol) in CHjClj (2 ml), 19mg(l5%i 
m-chloroperbcnzoic acid was added under magnetic MicnAgf 
0°. After completion (TLC), the soln was cond in in mo* Dt 
residue was purified by prep. TLC (CHClj-McOH, 9:1) mg 
yielded al!inisine-Af(4)-oxide (12) (20 mg; yield 87%). 

(E) 16-Epiaffinisine (13). CRTLC green then pale pANt 
Rf 0.44 (CHClj-MeOH, 9:1); [«]d -18“ (MeOH; j 
UV,(J^'f«nm (logs): 229 (4,43), 286 (3.75), 293 (17104 B: ' 
3360, 2940, 1470, 1380, 1040, 750. MS; m/z (rat Mil 
308 ([M] *, 100), 307 (58), 293 (8), 291 (10), 277 (33), 263 (HM 
(4), 196 ( 8 ), 183 (65), 182 (S4X 168 (21), 157 ( 8 ), 154 ( 8 ); HIMI, 
C2oH 24N,0 calcd 308.1888, found 308.1867. 'H and ‘'CHMl j 
see Tables 1 and 2. I 

0-Acetyl-l6-epiaffinisine (14). CR TLC green thenptk|«I m 
Rf 0.64 (CHClj-MeOH, 9; 1 ). [a]p -14“ (MeOH; cflJt U 
nm (logs): 228 (4.52), 285 (3.81), 292 (3, 770* M 
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Table 2. 'H NMR spectral data of alkaloids 10.12-15, 20 (300 MHz, CDQ 3 , residual CHCI 3 used as int. 

ref. « = 7.27) 



4.04 dd 

4.43 hr d 

4.07 dd 

4.20 dd 

4 .09 dd 

4.49 hr s 

(9.0; 4.3) 

(10.0) 

(10.3; 3.1) 

(10.2; 3.2) 

(9.8; 4.0) 


3.46-3.56 m 

3.03 hr dd 
(4.5; 7.0) 

3.31-3.42 m 

3.56-3.64 m 

3.72-3.87 m 

3.78-3.89 m 

— 

— 

— 

— 

— 

4.04-41.8 m 

2.83-2.89 m 

2.59 d 

2.75-2.84 m 

2.91 dd 

5.65 d 

2.51 td 


(15.6) 


(16.2; 1.1) 

(7.6) 

(13.0; 6.5) 

2.83-2.89 in 

3.39 dd 

2.75-2.84 m 

3.02 dd 

— 

2.06 hr dd 


(15.6; 4.5) 


(16,2; 5.6) 


(13.0; 6.8) 

7.35 hr d 

7.29 hr d 

7.40 hr d 

7.48 hr d 

7.72 dd 

7.65 hr d 

(7.2) 

(7.1) 

(7.0) 

(7.7) 

(7.7; 1.2) 

(7.2) 

6.97 Id 

7.04 hr t 

7.08 Id 

7.09 td 

7.15 td 

7.05 td 

(7.2; 1.0) 

(7.1) 

(7.0; 1.2) 

(7.7; 1.2) 

(7.7; 1.2) 

(7.2; 1.1) 

7.03 td 

7.19 hr t 

7,18 td 

7.18 td 

7.22 td 

7.26 td 

(7.2; 1.0) 

(7.1) 

(7.0; 1.2) 

(7.7; 1.2) 

(7,7; 1.2) 

(7.2; 1.1) 

7.22 hr d 

7.26 hr d 

7.27 hr d 

7,28 hr d 

7.30 dd 

6.95 hr d 

(7.2) 

(7,1) 

(7.0) 

(7.7) 

a.T, 1.2) 

(7.2) 

1.69-1.84 m 

1.62 hrd 

1.59-1,67 m 

1.80 dt 

1.81-1.98 m 

1.45 dt 


(12.0) 


(13.1; 3.5) 


(14.5; 1.4) 

1.69-1,84 m 

2.19 hr dd 

1.79 hrdd 

1.86-2.0 m 

1.81-1.98 m 

2.96 ddd 


(12.0; 10.0) 

(12.7; 10.3) 



(14.5; 4.0, 2.0) 

2.81 q 

2.52 hr s 

2.75-2.84 m 

2.79 q 

2.84 q 

3.78-3.89 m 

(3.0) 



(3.5) 

(3.1) 


2.03-2.15 m 

1.87 hr q 
(7.0) 

1.97-2.09 m 

2.25-2.36 m 

2.24-2.36 m 


3.07 dd 

3.13-3.28 m 

3.07 dd 

3.75 dd 

3.43 t 

— 

(laS; 8.9) 


(10.6; 8.8) 

(11.3-8.8) 

(9.5) 


3.39 dd 

3.13-3.28 m 

3.36 dd 

4.07 dd 

3.72-3.87 m 


(10.8-6.3) 


(10.6; 6.6) 

(13.3-6.7) 



1.55 dt 

1.52 hrd 

1.63 dt 

1.65 dt 

1.66 dt 

1.67 dt 

(6.8; 1.9) 

5.18 hr q 
(6.8) 

(6.7) 

5.26 hr q 

(6.7) 

(6.8: 1.9) 

5.22 hr q 
(6.8) 

(6.8; 2.0) 

5.29 qt 
(6.8; 1.9) 

(6.8; 2.0) 

5.33 qt 
(6.8; 2.0) 


3.46-3.56 m 

3.88 hr d 
(15.9) 

3.56-3.62 m 

3.68-3.73 m 

3.72-3.87 m 

4.04-4.18 m 

3.46-3.56 m 

4.57 hr d 

3.56-3.62 m 

3.68-3.73 m 

3.72-3.87 m 

4.40 hr d 


(15,9) 




(14.0) 

— 

— 

_ 

__ 

— 

9.45 s 

9.45 .s 

— 

— 

— 

— 

10.22 hr 5 



t' 

i|: 



*Methanol-a 4 was added to favour solubilization. 


2920.1730, 1460.1240. 740. MS: m/z (rcl. int.): 350 
349 (37). 291 (94), 277 (17). 263 (8), 249 (4), 209 (6), 196 
iB (tOO), 182 (61), 168 (21), 157 (10). 154 (6); HRMS.; 
N,0,calcd350.1994.found 350.1997. 'Hand '^CNMR 
Is k and 2. Hemisynthesis o/14 from (E)\6-epiaffimsine 
fliaioln of 13 (20 mg, 0.06 mmol) in CHjClj (10 ml), 2 ml 
«M a catalytic amount of 4-dimcthylaminopyridinc 
MM. The soln was stirred overnight then washed 
soln, satd NaHCOs soln and HjO). The organic 
dried (NajSO*) and evapd to dryness, 0-Acetyl- 
lAiiine (14) was purified by prep, TLC (EtjO-MeOH, 
:)Wd^43%. 

MMl6.epl<]^nlsine (15), CRTLC violet, centre yellow; 
B<CHa,-MeOH, 9:1). [«]d: +58,8' (MeOH; c0,25). 


UV/i:;""nm Ooge): 224 (4,37), 281 (3.65), 290 (3.58 sh). 
IR cm-': 2920, 2860, 1460,1080, 1040,990, 740. MS: m/z 
(rel. int.): 306 ([M] 100), 305 (25), 291 (10), 289 (15), 277 (10), 

275 (11). 249 (6). 196 (25), 183 (61), 182 (79), 168 (8); HRMS.; 
CjoHjjNjO calcd 306.1732, found 306.1718. 'H and '^CNMR 
see Tables 1 and 2. Hemisynthesis of IS from {E)l6-epiaffinisine 
(13). To a soln of 13 (40 mg, 0.13 mmol) in THF (3 ml), 59 mg of 
2,3-dichloro-5,6-dicyano-l,4-bcnzoquinone were added. After 
I hr reflux, the soln was coned in vacuo. The residue dissolved in 
CHjClj was washed (satd NaHCOj soln). the organic phase 
dried (NajSO*) and coned in vacuo, yielding 15 in 97% yield. 

Norfluorocurarine-'S {4)-oxide (20). CR TLC green then yellow: 
R/. 0.17 (CHClj-MeOH, 22:3). Md -690° (MeOH; c 1). UV 
21'?” nm floge); 203 (4.30), 241 (3.92), 299 (3.53), 361 (4.13). 
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M 


Table 3. *H and '^C NMR spectral data of alkaloid 33 (300 MHz, ‘H frequency, residual 

CHClj used as int. ref. S7.27) 


Position 

H 

C 


H 

C 

1 

4.30 br s 


1 ' 

8.00 br s 


2 

_ 

67.5 

2 ' 

— 

136.1 

3 

2.96 hr d (11.2) 
187-3.01 m 

52.2 

3' 

5.05 6 rd (11.3) 

38.2 

5 

2.38-2.68 m 
3.31-3,50 m 

48.2 

5' 

4.00 br Id (8.1; 2.6) 

60.0 

6 

1.13-1.23 m 

22.7 

6 ' 

3.20 dd (14.6; 8.1) 

19.8 


1.80-2.03 m 



3.31-3.50 m 


7 

— 

204.8 

7' 

— 

111.1 

8 

— 

118.9* 

8 ' 

— 

129.6 

9 

7.00 s 

103.8 

9' 

7.50-7.57 m 

117.5 

10 

— 

154.9 

10 - 

7.04-7.16 m 

119.1* 

11 

— 

145.7 

ir 

7.04-7.16 m 

121.9 

12 

6.37 br s 

113.0 

12 ' 

7.04-7.16 OT 

110.0 

13 

— 

150.3 

13' 

— 

135.9‘’ 

14 

1.55-1.77 m 

26.0 

14' 

1.80-2.03 m 

138-168 m 

35.3 

15 

1.07 br d (10.4) 
1.55-1.77 fn 

317 

15' 

3.69-3.81 m 

33.6 

16 

1.55-1.77 m 

36.9 

16' 

138-168 m 

46.4 

17 

1.31-1.50 m 
1.55-1.77 m 

30.0 

— 



Me-18 

0.91 t (7.0) 

12.0 

18' 

1.68 d (5.7) 

12.2 

19 

1.31-1.50 m 
1.55-1.77 m 

28.6 

19' 

5.35 q (6.7) 

118.9* 

20 

1.31-1.50 m 

39.4 

20 ' 


137.6 

21 

3.52 br s 

48.2 

21 ' 

2.90 d (14.0) 

169-3.81 m 

512 




22 ' 


171.5 

OMe-11 

3.88 br s 

55.9 

N'Me 

2.59 s 

413 




OMe 

2.46 s 

49.8 


*■ •’Interchangeable values. 


! 

|i 





i 


'j 

i 

i 



IR^cHcUguj-i, 3300 2980, 2940, 1650, 1580, 1550, 1460, 1180, 
1150,740. MS.m/z(rel. ing:308([Mj%C„HjoNjOj, 15), 293 
(100), 292 (58), 290(50), 263 (19), 249 (25), 222 (19), 208 (21), 194 
(21), 180 (21), 168 (31), 121 (67). ‘H NMR see Tables 1 and 2. 
Hemisynthesis of 20 from 19. The procedure described for the 
prcpn of 12 was applied to 19 (156 nig, 0.53 mmol). Compound 
20 was isolated in 85% yield. 

l6-Decarbomethoxyvoacamine-pseudoiniioxyl (33). CR TLC 
yellow: 0.30 (CHClj-MeOH, 47:3, vap NH 4 OH). [aJo: 

-14“ (MeOH; cO.5). UV2“^"nm (logc): 228 (4.64), 272 
(4.148h), 294 (3.95sh), 417 (3.62). IRv^'^^'^cm"': 3360, 2920, 
2860,1720,1660,1620, 1480,1220, 1030, 750. MS:m/«(«l- im ): 
676 (CM +14]^ 9), 662 ([M] *, 39), 630 (59), 603 

(9). 482 (27), 469 (32), 454 (7), 352 (36), 308 (27), 278 (20), 249 (23). 
247 (23), 225 (46). 195(61), 194(50), 182(98), 180(79). 176(23), 150 
(70), 149 (45), 138 (52), 136 (43), 124 (43), 122 (100), 108 (36). 'H 
and ‘^CNMR sec Table 3. 

P-Yohimbine (1). 'H NMR (300 MHz, CDClj) 6 : 7.82 (br s, N- 
7.48 ibr d,J = 7A Hz, H-9); 7.31 {brd,J = 7.4 Hz; H-12); 7.15 
(br t, 2 - 7.4 Hz, H-11); 7.09 (br t.J = 7.4 Hz. H-10); 3.80-3.93 (m, 
H-17); 3.85 (s, OMe); 3.26 (brd.J = 10.9 Hz, H-3); 2.93-3.14 (m. 
H-5, H- 6 , H-21): 2.72 (br d, 2 = 15.3 Hz, H- 6 ); 2.56-2.67 (m, H-5); 
2.21 (t. J = 10.0 Hz, H-16); 2.06-2.19 (m, H-18. H-21); 1.94 (br d, J 
= 11.8 Hz, H-14^ 1.65-1.81 (m, H-19); 1.36-1.60 (m, H-14, H-15. 
H-18, H-20); 1.11-1.28 (m, H-19). 


Yohimbine(3). ‘H NMR (300 MHa CDClj)<5:8.16(lif 
7.45 (br d.J^ 7.0 Hz, H-9); 7.27 (br d,J= 7.0 Hz, H-12): l.lHUi' 

= 7.0, 1,0 Hz, H-11); 7.06 (id, J = 7.0; 1.0 Ha H-10); 4.21 
17); 3.78 (s, OMe), 3.28(6rd,d = 11.7 Ha H-3);2.94-3.10(»lM 
H-6); 2.90 (dd, J = 12.0; 2.0 Ha H-21); 2.64-X76 M, IM| ': 
2.53-2.64 (m, H.5); 2.32 (dd, J = 11.5; 2.0 Ha H-lb), I19aiJi 
= 12.0; 9.0 Ha h- 21); 1.90-2.09 (m, H-14, H-18, H-19); 

(m, H-18, H-19, H-20); 1.35-1.42 (m, H-15); 1.31 (fl.2-lL7» 
H-14). 

l9.20-Dehydro-fl-yohimbine (4). ‘H NMR (300 MHa COCV 
(5: 7.86 (bra, N-H); 7.46 (br d, 2 = 7.1 Ha H-9); 7.31 (k ii 
-7.1 Ha h-12); 7.14 (Id, j•7.1; 1.1 Ha H-11); 7,08(ht;-U 
1.1 Ha H-IO); 5.56 (dd, 2-3.7; 1.6 Ha H.19); 4.07 (14,2-111 
5.5 Ha H-17); 3.9 (s, OMe); 3.46 (d, 2-12.6 Ha H-21); ).40|8'i ’ 
2 =11.8 Hz, H.3);2.95-3.15(/n, H-5,H-6.H-21);2.59-2J)«lfi: 

5, H-6, H-15); 2.42-2.53 (m. H-18); 2.42 (t, 2 -10.3 Ha H-IHUI > 
(ddd, 2 = 12.0; 5,0; 15 Ha H-14); 2.07-2.20 (w, H-18): o 

= 12.0 Ha H-14). “CNMR (75MHa CDClj) d: 174.7(C-4’ 
135.9 (C-13); 133.3 (C-2, C-20); 127.0 (C-8); 121.3 (C-IU lt»t I 
(C-IO); 119.2* (C-19); 118.0 (C-9); 110.6 (C-12); 108.2 (C-TllU I 
(C-17); 60.9 (C-3); 58.7 (C-16); 55.1 (C-21); 52.3'’(OMe); Jl-ffc-ii 
5); 39.0“ (C-14); 35.9“ (C-15); 33.7“ (C-18); 21.3 (C-6). ll 

fi-Yohimbine-pseudoindoxyl (5). 'HNMR (300hiM|, ■ 
CDCI 3 ) S: 7.55 (br d, 2 = 7.1 Ha H-9); 7.43 (ddd, 2-12; U I 
1.3 Ha H-1 1); 6.83 (br d, 2 = 8.2 Ha H-12); 6.76 (br 1 ,2-7.) )i| I 
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;S.«J (si. lyi^aiTHz. N-H); 3.78 {td, 7 = 10.8; 4.5 Hz. H- 
(I. OMe); 3.18-3.26 (m, H-3); 3.08 (dd, 7»1 l.O, 2.4 Hz, 
lli^2.48 (M, H-Uy, 1.90-2.15 (m. H-H. H-16. H-IS); 1.84 
kllO; 10.0 Hz, H-2iy, 1.67 (br dd, 7 -12.7; 3.0 Hz, H.19); 

;• il8; 3.9 Hz, H-IS); 1.07-1.34 (m, H-15, H.19, H-20). 
)lfM>IM-axlndole ( 8 ). >H NMR (300 MHz,CDCIj)7.94 
[|l7J0 W, J -7.5; 0.8 Hz. H-11); 7.17 (br d.J~ 7.5 Hz, H- 
((4,7-7.5; 0.8 Hz. H-IO); 6.85 (br d. 7-7.5 Hz. H-12); 
7ill.l; 10.3; 4.5 Hz. H-17); 3.60 (s, OMe); 3.31-3.41 
(44; 7-10.8; 3.7 Hz, H.21); 2.38-2.55 (m); 2.23 (dd, 7 
1U5HZ. H.3); 2.17 (t, 7-10.3 Hz, H-16); 1.97-2.10 (m. H- 
10.8 Hz. H-21): 1.68 (d(f, 7-12.9; 3.4 Hz. H-19); 
54 (m. 2H-14, H-15. H-18. H-19. H-20). '’CNMR 
CDaj)4:181.0 {C-2); 174.7 (C-22): 140.6 (C-13): 133.2 
1210(011); 123.r (09); 122.7* (OlO); 109.4 (012y, 74.1 
ITM (C-17); 58.4 (C-21); 57.3 (C-16); 55.7 (C-7); 54.4 (C-5); 

le); 39.2 (020); 41.9 (015); 34.7 (014); 34.0 (018); 29.5 
m8(C-19). 

ilnr B (9). 'H NMR (300 MHz, CDClj -l-CDjOD to 
twhbility) 5: 8.76 (.s, N-H); 7.42 (hr 4.7 = 7.2 Hz. H-9); 7.30 
1-7.1 Hz. H-12); 7.11 (td, 7-7.2; 1.2 Hz, H-11); 7.05 (td, 7 
12Hk H-lO); 5.30 (br q, 7-6.7 Hz, H-19); 4.19 (br d, J 
Hz,tt-3); 3.42-3.58 (m, H,-17, Hj-21); 3.08 (dd, 7-15.5; 
H-6)l: 2.73-2.78 (m, H-15); 2.82 (hr dd, 7 = 7.6; 5.2 Hz. H-5); 
i^4.J-15.5Hz, H-6); 2.02(444, 7= 12.6; 10.1; 2.2 Hz, H- 
J-7.6 Hz, H-16); 1.72 (444, 7 = 12.6; 3.8; 2.4 Hz, 
|il59 (hr 4. 7-6.7 Hz. Me-18). ’’CNMR (75 MHz, 
Pfo4:|l38.0 (02); 136.4 (013), 135.6 (020); 127.6 (08); 
BC-I Ik 119.3(010); 118.0(09); 116.7(019); 111.0(012); 
|M>7);64.9 (017); 55.8 (C-21); 54.4 (C-5); 50.4 (C-3); 44.2 (C- 
M((itl4X 27.6 (C-15); 27.0 (C-6); 12.7 (C-18). 

_ji (II). ‘H NMR (300 MHz, CDCl,) d: 7.43 (hr 4, 7 
111 , ljl-9); 7.28 (br 4; 7 = 7.0 Hz, H-12); 7.18 (t4, 7 = 7.0; 
.H-ll); 7.08 (td, 7 = 7.0; 1.2 Hz, H-10); 5.38 (br q. 7 
till,l(-l9); 4.22 (44,7 -10.0; 2.4 Hz, H-3); 3.63-3.43 (m, Hj- 
lr«)j 3.61 (s, N(Me)-l); 3.07 (44, 7-15.5; 5.2 Hz, H-6); 
.|M(ik H-15. H-5); 2.63 (br 4,7 - 15.4 Hz, H-6); 2.07 (444,7 
.IO.fr, 2.0 Hz, H-14); 1.79 (qd, 7 = 6.0; 1.2 Hz, H-16); 1,64 
I*li2; 3.8; 2.4 Hz, H-14); 1.62 (dt, 7 = 6.8; 2.0 Hz, Me-18). 
■)tt(75MHz, CDOj) S: 138.8 (C-2); 137.1 (C-13>. 134.5 
lrtO(C-8); 120.8 (C-11); 118.7 (C-10); 117.9 (C-9); 116.8 
1«i5 (C-12); 103.2 (C-7); 64.2 (C-17); 55.6 (C-21); 54.5 (C- 
IJ|!CJ3);43.8 (C-16); 32,4 (C-I4); 29.0(N(Me)-l); 28.7 (C-6); 
.I5j;ll4 (018). 

..M>curarine (19). 'H NMR (300 MHz, CDCI,) S: 10.35 
ilWlj: 9.31 (s, H-22); 7.22 (41,7 = 7.7, H-9); 7.12 (td, 7 = 7.7; 
iWll); 6.91 (td, 7-7.7; 1.3 Hz, H-10); 6.87 (hr 4, 7 
'li H-12); 5.34 ( 91 ,7 = 6.9; 2.3 Hz. H-19); 4.03 (4i, 7 = 3.6; 

Hj3); 3.94 (4sx, 7-15.7; 2.2 Hz, H-21); 3.62-3.68 (m. H- 
ttB(lit 7 -12.4; 5.4 Hz, H-5); 3.00 (44.7 -12.4; 6.6 Hz, H-5); 
Jd 15.7 Hz. H-21); 2.50 (444,7 -13.5; 4.0; 2.2, H-14); 2.32 

6,6 Hz, H-6); 1.75 (444, 7= 12.4; 5.4; 1.1 Hz, H-6); 
;!-6.9; 1.9 Hz, Mc-18); 1.17-1.25 (m, H-14). ’’C NMR. 
'CDOjk 188.4 (C-22); 168.8 (C-2); 142.8 (C-13); 139.4 
136.9 (C-8); 127.8 (C-11); 121.9 (C-10); 120.8 (C-9); 120.6 
Jll.l {C-16); 110.4 (C-12); 61.7 (C-3); 58.3 (C-7); 56.7* (C- 
IW'IC-S); 46.4 (C-6); 31.2 (C-15); 30.8 (C-14); 12.9 (C-18). 
j^f/roxynorjluorocurarine (21). 'H NMR (300 MHz, 
H: 9.13 (s, H-22); 6.83 (l, 7 = 7.3 Hz, H-10); 6.78 (44, 7 
llHi, H-llk 6.72 (44, 7 = 7.3; 1.8 Hz, H-9); 5.40 (br q, 7 
(lhjH-19); 4.06 (br s, H-3); 3.95 (br 4. 7 = 15.6 Hz, H-21); 
ffk H-15); 3.33 (td. 7=12.7; 5.2 Hz, H-5>, 3.04 (br 44, 
[|;|66Hz. H-5); 2.95 (4, 7= 15.6 Hz, H-21); 2.49 (444, 
M.6; 12 Hz, H-14); 2.39 (dt, 7 = 117; 6.6 Hz, H-6); 1.80 (br 
Il7; 51 Hz. H-6); 1.54 (4,7 = 6.8 Hz, Me-18); 1.24 (br 4,7 
lit H-14). 


Iboluteine (29). 'H NMR (300 MHz, CDClj) S: 7.12 (dd, 7 
= 8.8; 2.6 Hz, H-ll); 7.0 (4, 7 = 2.6 Hz, H-9); 6.80 (4, 7 = 8.8, H- 
12); 4,34 (s, N(H>1); 3.78 (s, OMc-11); 3.55 (444, 7 = 14.3; 13.5; 

3.7 Hz, H-5); 3.53 (br s, H-21); 3.02 (hr 4. 7 -11,2 Hz, H-3); 2.77 
(hr dd,J= 14.3; 4.8 Hz. H-5); 2,70 (4i, 7 = 11.2; 2.7 Hz; H-3); 2.07 
(td, 7 = 13.5; 5.3 Hz, H-6); 1.78-1.35 (m, H-6, H-14, H.15, H-16, 
Hj-17,Hi-19,H-20); 1.18-1.08(m; H-15); 0.96 ((.7 = 7.1 Hz, Me- 
18). '^C NMR (75 MHz,CDClj): 204.7(C-7); 154.8 (€-13); 153.1 
(C-10); 127.3(C-11); 120.3(C-8); 113.8(C-12); ]04.5(C-9);67.2(C- 

2) ; 55.6 (OMe-11); 52.0 (C-3); 48.5 (C-21); 48.2 (C-5); 38.9 (C-20); 

36.6 (C-16); 32.3 (C-15); 28,6 (C-17); 28.4 (C-19); 25.7 (C-14); 22.6 
(C-6); 11.9 (C-18). 

lbogame(2S\. 'H NMR (300 MHz, CDa,)^: 7.56(br s. N(H)- 
1); 7,10 (4,7 = 8.6 Hz. H-12); 6.92 (4,7 - 2.4, H-9); 6.76 (dd, 7 = 8.6; 

2.4 Hz, H-ll); 3.85 (s, OMe-11); 3.40-3.25 (m. H-5. H-6); 3.12 
(444, 7 = 14.9; 12.6; 1.2 Hz, H-5); 3.06 (dt, 7=9.3; 2.0 Hz, H-3); 
2.97 (4t, 7 = 9.3; 2,7 Hz, H-3); 2.84 (444, 7= 12.2; 4.1; 1.6 Hz, H- 

16) ; 2.82 (hr s, H-21); 2.64-2.54 (m, H-6); 2.0 (ff, 7= 12.2; 2.5; H- 

17) ; 1.86-1.72 (m. H-14, H-15); 1.66-1.38 (m. H-17, H2-19, H-20); 
1,24-1,15 (m, H-15); 0.89 (f, 7 = 7,2, Me-18). ‘’C NMR (75 MHz, 
CDOj): 153.8(C-)0); 143.0(C-2); 130.0 (C-8); 110.8 {C-12); 110.5 
(C-11); 108.9 (C-7); 100.4 (C-9); 57.4 (C-21); 55.9 (OMe-ll); 54.2 
(C-5); 49.9 (C-3); 41.9 (C-20); 41,3 (C-16); 34.1 (C-17); 32.0 (C-15); 

29.7 (C-13); 27.8 (C-19); 26.4 (C-14); 20.6 (C-6); 11.9 (C-18), 
\6-Decarhomethoxyvoacamine (31). ’HNMR (300 MHz. 

CDOj) 6: 7.76 (br s, N(H)-l'); 7.57 (4, 7 = 7.4 Hz, H-9'); 7.27 (br a, 
N(H)-l); 7.10-6.95 (m, H-lO', H-ll', H-12'); 6.92(j, H-9); 6.61 (hr s, 
H-12); 5.34 (q. 7 = 6.5 Hz, H-19'); 5.12 (br s, H-3'); 4.11-3.80 (m, 
H-5'); 4.00 (br s, OMe-11); 3.84-3.74 (m, H-15'); 3.68 (br 4, 7 
= 13.7 Hz, H-21'), 3.52-3.05 (m, H 2 - 5 , H-6, Hj-b'); 2.99 (hr s, Hj- 

3) ; 2.89 (4. 7 = 13.7 Hz, H-21'); 2.80-2.69 (m, H-) 6 . H-16', H-21); 
2.66-2.51 (m. H- 6 ); 2.58 (s. N(Me)-4'); 2.51-2.34 (m. H-14'); 2.48 (s. 
C 02 Me'); 2.07-1.86 (m, H-17, H-14'); 1.78 (br s, H-14, H-15); 1.70 
(4,7 = 6.5 Hz, Me-1 S'); 1.58-1.42 (m, H-17, H 2 -19, H-20); 1.18 (br 
4, 7= 12.4 Hz, H-15); 0.88 (t, 7 = 7,0 Hz, Me-18). '^CNMR 
(75 MHz, CDClj); 171.3 (C-22'); 150.8 (C-10); 142.3 (C-2); 138.0* 
(C.2'); 137.8* (C-20'); 135.7 (C-13'); 129.6 (C- 8 '); 129.2" (C-13); 
128.6" (C-ll); 128.1 (C- 8 ); 121.4 (C-lT); 118.8 (C-10'); 118.5 (C- 
19'); 117.2(C-9'); 110.2(C-7',C-12); 109.8{C-12'); 108.5 (C-7); 98.6 
(C-9); 59,8 (C-5'); 57.5 (C-21); 55.9 (OMe-ll); 54.1 (C-5); 52.3 (C- 
21 49,3 (OMe'); 48.9 (C-3); 46.8 (C-16'); 41.8 (C-20); 41.0 (C-16); 
37.5 (C-3'); 36.1 (C-14'); 33.9 (C-17); 33.5 (C-15'); 31.8 (C-15); 27,7 
(C-19); 26.2(C-14); 20.6 (C- 6 ); 19.4 (C- 6 '); 11.7 (C-18); 12.2 {C-18'). 

t9,20-Dlhydroisosltslriklne (7). CR TLC green: Rj-: 0.72 
(Me,CO-MeOH, 23:2). UV A”:?" nm (logc): 226, 282, 291. IR 
3360,2940,1710,1450,1430,1220,1160,1060,1050, 
750. MS; m/z (rel. int.): 356 ([M] ^ 100), 355 (98). 341 ( 8 ). 299 (4), 
253 (55), 251 (33). 225 (29), 197 (9), 184 (16), 170 (29). 156 (2). 
'H NMR (300 MHz, CDClj): 8.15 (br s, N-H); 7.46 (hr d, 7 
= 7.0 Ha H-9); 7.33 (hr 4, 7 = 7.0 Ha H-12); 7.15 (td. 7 = 7.0; 
1.3 Ha H-ll); 7,09 (td, 7 = 7.0; 1.3 Ha H- 10 ); 4.03 (44, 7 = 11 . 0 ; 
7.9 Ha H-17); 3.76 (44, 7= 11.0; 5.8 Ha H-17); 3.68 (s, OMe); 
2.95-3.20 (m, H-3, H-5, H- 6 , H-16, H-21); 2.67-2.80 (m, H- 6 ); 
2.50-2.61 (m, H-5): 2.20 (br 4,7 = 11.9 Ha H-14'); 2.00 (t, 7 = 11.0, 
H-21); 1.60-1.85 (m, H-15, H-19, H-20); 1.45 (q, 7 = 11.9 Ha H- 
14); 1.10-1.30 (m, H-19); 0.93 (t, 7 = 7.4 Ha H-18). '^CNMR 
(75 MHa CDClj): 174.1 (C-22); 136.2* (C-13); 134.2* (C-2); 127.1 
(C- 8 ); 121.3 (C-11); 119.3 (C-10); 118.0 (C-9): Hl l (C-12); 107.5 
(C-7); 61.4 (C-17); 59.8 (C-21); 59.7 (C-3); 52.7 (C-5); 51.6 (OMe); 

47.4 (C-16); 39.8 (C-15); 39.1 (C-20); 31.4 (C-14); 22.9 (C-19); 21.3 
(C- 6 ); 10.6 (C-18). *'‘Interchangeable values. 
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